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Detailed Action 
Claim Objections 

1 . Claim 1 6 and 23 are objected to because it recites the limitation "coolant" and 
independent claim 10 recites the limitation "liquid coolant". It is unclear if the applicant 
intends one or two types of coolant. For examination purposes, coolant is a liquid 
coolant. Appropriate correction is required. 

Claim Rejections - 35 USC § 103 

2. The following is a quotation of 35 U.S.C. 1 03(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 102 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

3. Claims 1-13, 15 and 27-31 are rejected under 35 U.S.C. 103(a) as being 
unpatentable over Goodson et al. (US 6,942,018) in view of Chrysler et al. (US 
4,765,397). 

With respect to claim 1 , Goodson et al. teaches a device, comprising: an 
integrated circuit chip (Fig. 1, #50); and enclosed channels (Fig. 3A, #220-1 and #220- 
2) to carry a liquid coolant (Col. 11, line 59) that are proximate to a surface (Fig. 3B, #50 
top) of the integrated circuit chip and that extend along a length (see Fig. 3A) of the 
integrated circuit chip. While Goodson teaches that the channel densities may change 
(Col. 1 5, lines 6-7), it fails to teach of the abrupt density change. Chrysler et al. teaches 
wherein a density of the channels (Fig. 5, #61 and 62) changes abruptly at least once 
across the length of the integrated circuit chip or across a width of the integrated circuit 
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chip. With respect to claim 6, Chrysler et al. further teaches the channels include: a first 
area (Fig. 5, #62) having a first channel density, and a second area (Fig. 5, #61) 
adjacent to the first area and having a second channel density that is lower than the first 
channel density. With respect to Claim 7, Chrysler et al. further teaches at least one of 
the first and second areas span a full width (Fig. 5, from area near #54 to area near 
#56) of the integrated circuit chip (Col. 1, line 20). With respect to claim 8, Chrysler et 
al. further teaches the channels further include: a third area (Fig. 5, #60) adjacent to the 
second area (Fig. 5, #61) having a third channel density that is different than the second 
channel density. It would have been obvious to one of ordinary skill in the art at the 
time of the invention was made to modify the device of Goodson et al. with that of 
Chrysler et al. for the purpose of to increase the channel density in proportion to cooling 
needs of integrated circuit chip. 

With respect to Claim 2, Goodson et al. further teaches the channels are formed 
in the integrated circuit chip and substantially under the surface (Fig. 3B, under top 
surface of #214) of the integrated circuit chip. 

With respect to Claim 3, Goodson et al. further teaches that a heat exchange 
layer (Fig. 3B, #210) over the integrated circuit chip, wherein the channels are formed in 
(see Fig. 3B) the heat exchange layer. 

With respect to Claim 4, Goodson et al. further teaches a cap (Fig. 3B, #214) on 
the heat exchange layer to at least partially define the channels (Fig. 3B, #220C). 

With respect to Claim 5, Goodson et al. further teaches an interface layer (Col. 
13, line 48) between the integrated circuit chip and the heat exchange layer. 
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With respect to Claim 9, Chrysler et al. further teaches wherein the channels 
(Fig. 5, #61 and #62) are longitudinally offset (see Fig. 5) at least once within the first 
area. It would have been obvious to one of ordinary skill in the art at the time of the 
invention was made to modify the device of Goodson et al. in view of Wang with that of 
Chrysler et al. for the purpose of varying the channel density to maximize heat 
dissipation. 

With respect to claim 10, Goodson et al. teaches a device, comprising: a 
semiconductor base (Fig. 1 , #50) including an area of higher power density and an area 
of lower power density (Col. 15, lines 6-7); and a heat exchange layer (Fig. 3B, #200) 
over the semiconductor base and including enclosed channels (Fig. 3A, #220A and 
#220B) formed therein suitable for carrying liquid coolant (Col. 11, line 59). While 
Goodson teaches that the channel dimensions may vary, it fails to teach different 
channel densities. Chrysler et al. teaches wherein a density of the channels (Fig. 5, 
#62) over the area of higher power density is higher than a density of the channels (Fig. 
5, #61) over the area of lower power density. It would have been obvious to one of 
ordinary skill in the art at the time of the invention was made to modify the device of 
Goodson et al. with that of Chrysler et al. for the purpose of to increase the channel 
density in proportion to cooling needs of integrated circuit chip. 

With respect to claim 1 1 , Goodson et al. further teaches a thermal interface layer 
(Col. 13, line 48) between the semiconductor base and the heat exchange layer. 

With respect to claim 12, Goodson et al. further teaches a plate (Fig. 3B, #214) 
on the heat exchange layer to at least partially define the channels (Fig. 3B, #220C). 
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With respect to Claim 13, Goodson et al. in view of Chrysler et al. teaches the 
device in Claim 10. They fail to teach a density ratio of the channels or arteries. While 
Goodson et al. in view of Chrysler et al. fail to disclose the specific ratio; it is obvious 
that a ratio of high power channels or arteries exists as seen in Chrysler et al., Fig. 5. It 
would have been obvious to one of ordinary skill in the art at the time of the invention 
was made to include a density ratio of greater than 1 .1 or any ratio which would allow 
the device or system to operate at maximum efficiency. 

With respect to claim 15, while Goodson teaches a semiconductor with different 
power densities (Col. 15, lines 6-7) and varying channel dimensions (Col. 11, lines 11- 
12) including the internal fins (Col. 1 1 , line 20) according to the power densities, it fails 
to define a semiconductor with a lower, intermediate and higher power densities. 
Chrysler et al. further teaches a lower (Fig. 5, #60), intermediate (Fig. 5, #61) and 
higher (Fig. 5, #62) channel densities. It would have been obvious to one of ordinary 
skill in the art at the time of the invention was made to modify the device of Goodson et 
al. with that of Wang for the purpose of changing the channel density in proportion to 
cooling needs of integrated circuit chip. 

With respect to claim 27, Goodson et al. teaches a method, comprising: forming 
first channels (Fig. 4, #220A-1 thru #220A-6) in a layer (Fig. 3B, #210) of a 
semiconductor device (Fig. 3B, #50); forming second channels (Fig. 4, #220A-7 thru 
#220A-1 1) in the layer of a semiconductor device adjacent to the first channels and in a 
same direction (see Fig. 4) as the first channels and capping (Fig. 3B, #214) the first 
and second channels to form a channel structure suitable for carrying liquid coolant 
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(Col. 1 1 , line 59) through the semiconductor device. Goodson et al. fails to teach 
varying the width of the channels. Chrysler et al. teaches that the second channels 
(Fig. 5, #61) having a greater average width than the first channels (Fig. 5, #62). It 
would have been obvious to one of ordinary skill in the art at the time of the invention 
was made to modify the device of Goodson et al. with that of Chrysler et al. to vary the 
width of the channels to maximize the heat dissipation by changing the cross section 
and flow resistance. 

With respect to claim 28, Goodson et al. further teaches wherein the layer of the 
semiconductor device includes copper, aluminum, or silicon (Col. 6, lines 55-56). 

With regard to Claim 29, Goodson et al. teaches a device, comprising: an 
integrated circuit chip (Fig. 3B, #50); and channels (Fig. 4, #220A-1 thru #220A-1 1) to 
carry a coolant (Col. 11, line 59) that are proximate (See Fig. 3B) to a surface of the 
integrated circuit chip and that extend along a length (see Fig. 4) of the integrated circuit 
chip. Goodson et al. fails to teach longitudinal channel offset. Chrysler et al. teaches 
wherein the channels (Fig. 5, #61 and #62) are longitudinally offset at least once (see 
Fig. 5) along the length. With respect to Claim 30, Chrysler et al. further teaches 
wherein the channels (Fig. 5, #60, #61 and #62) are longitudinally offset at least twice 
(see Fig. 5) along the length of the integrated circuit chip. It would have been obvious 
to one of ordinary skill in the art at the time of the invention was made to modify the 
device of Goodson et al. with that of Chrysler et al. to have vary the channel densities to 
evenly cool different heat generating portions of the integrated circuit chip. 
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With respect to Claim 31 , Goodson et al. further teaches wherein the channels 
have a substantially uniform density (see Fig. 4) along the length of the integrated circuit 
chip. 

4. Claim 14 is rejected under 35 U.S.C. 103(a) as being unpatentable over 
Goodson et al. (US 6,942,018) in view of Chrysler et al. (US 4,765,397) as applied to 
the above claims, and further in view of Tuckerman et al. (US 4,450,472). 

With respect to Claim 14, Goodson et al. in view of Chrysler et al. teaches the 
device in Claim 10. They fail to teach wherein the channels over the area of higher 
power density include at least two staggered segments. Tuckerman et al. teaches 
wherein the channels (Fig. 4, between #36) over the area of higher power density (Fig. 

5, #40) include at least two staggered segments (Fig. 4, discontinuity of #36). It would 
have been obvious to one of ordinary skill in the art at the time of the invention was 
made to modify the device of Goodson et al. in view of Wang with that of Tuckerman et 
al. for the purpose of interrupting the longitudinal fins for to improving air flow to 
increase heat dissipation. 

5. Claims 16-18 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Goodson et al. (US 6,942,018) in view of Chrysler et al. (US 4,765,397) as applied to 
the above claims, and further in view of Crowe (US 4,944,344). 

With respect to claim 16, Goodson et al. in view of Chrysler et al. teaches the 
device in Claim 10. They do not teach a second heat exchange layer over another heat 
exchange layer. Crowe teaches an upper heat exchange layer (Fig. 1C, #25) over the 
heat exchange layer (Fig. 1C, #12) and including upper channels (Fig. 1C, #25) formed 
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therein suitable for carrying coolant. It would have been obvious to one of ordinary skill 
in the art at the time of the invention was made to modify the device of Goodson et al. 
Chrysler et al. with that of Crowe for the purpose of maximizing heat dissipation by 
adding additional heat exchange layers. 

With respect to claim 17, Goodson et al. in view of Chrysler et al. further in view 
of Crowe teach the device in Claim 16. They do not teach that the density the channels 
vary over different power densities. Goodson et al. further teaches that the channel 
geometry (Col. 15, lines 6-7) can vary according to the power density. Chrysler et al. 
further teaches that a density of the channels (Fig. 5, #61 and #62) can vary. It would 
have been obvious to one of ordinary skill in the art at the time of the invention was 
made to modify the device of Goodson et al. Chrysler et al. with that of Crowe to vary 
the density of the channels in each of the heat exchange layers according to the 
different power densities to maximize cooling. 

With respect to claim 18, Goodson et al. in view of Chrysler et al. further in view 
of Crowe teach the device in Claim 16. They do not teach that the channels in different 
layers are orthogonal to each other. Crowe teaches in another embodiment wherein a 
direction of the channels (Fig. 1 , #1 1 and #12) in the heat exchange layer (Fig. 1 , upper 
layer) is substantially orthogonal to a direction of the upper channels (Fig. 1, #18) in the 
upper heat exchange layer (Fig. 1 , lower layer). It would have been obvious to one of 
ordinary skill in the art at the time of the invention was made to modify the device of 
Goodson et al. Chrysler et al. with that of Crowe to provide layers with channels in a 
different axis to maximize uniformity of cooling. 
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6. Claims 1 9-22 are rejected under 35 U.S.C. 1 03(a) as being unpatentable over 
Goodson et al. (US 6,942,018) in view of Chrysler et al. (US 4,765,397) further in view 
of Tuckerman et al. (US 4,450,472). 

With respect to Claim 19, Goodson et al. teaches a device, comprising: an 
integrated circuit chip (Fig. 1, #50) including and a heat exchanger with channels (Fig. 
3A, #220-1 and #220-2) in a surface (Fig. 3B, #210 top) thereof; and a cap (Fig. 3B, 
#214) connected to the integrated circuit chip to define a top of the channels. While 
Goodson et al. teaches the width of the channels changes (see Fig. 3A), it fails to teach 
that an average width of the channels substantially changes at least once along a length 
of the channels. Goodson et al. also fails to teach the channels in a surface of the chip. 
Chrysler et al. teaches that an average width of the channels substantially changes (Fig. 
5, #61 and #62) at least once along a length of the channels. Tuckerman et al. teaches 
an integrated circuit chip (Fig. 1, #10) including with channels (Fig. 1, #14) in a surface 
(Col. 2, lines 36-37) thereof. It would have been obvious to one of ordinary skill in the 
art at the time of the invention was made to modify the device of Goodson et al. with 
that of Chrysler et al. further in view of Tuckerman et al. for the purpose of changing the 
channel density in proportion to cooling needs of integrated circuit chip and 
incorporating the cooling channels within the integrated circuit chip to improve the 
reliability of the system and reduce component count. 

With respect to Claim 20, Goodson et al. in view of Chrysler et al. further in view 
of Tuckerman et al. teaches the device in Claim 19. They fail to teach a ratio of the 
average width of the channels. While Goodson et al. in view of Wang fails to disclose 
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the specific ratio, it is obvious that a ratio of higher average width to lower average width 
channels exists as seen in Chrysler et al., Fig. 5. It would have been obvious to one of 
ordinary skill in the art at the time of the invention was made to include an average 
width ratio of less than 8 or any ratio which would allow the device to operate at 
maximum efficiency. 

With respect to Claim 21 , Chrysler et al. further teaches the channels (Fig. 5, #50 
described in description as #60) within the area of lower average width include at least 
one discontinuity (Col. 6, line 48-49). It would have been obvious to one of ordinary skill 
in the art at the time of the invention was made to modify the device of Goodson et al. 
with that of Chrysler et al. further in view of Tuckerman et al. to maximize heat 
dissipation. 

With respect to Claim 22, Chrysler et al. further teaches wherein an average 
width of the channels (Fig. 5, #60, 61 and 62) substantially changes at least twice (see 
Fig. 5) along a length of the channels. It would have been obvious to one of ordinary 
skill in the art at the time of the invention was made to modify the device of Goodson et 
al. with that of Chrysler et al. further in view of Tuckerman et al. to vary the average 
width to maximize heat dissipation. 

7. Claims 23-24 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Goodson et al. (US 6,942,01 8), in view of Chrysler et al. (US 4,765,397), further in view 
of Tuckerman et al. (US 4,450,472) as applied to the above claims, and further in view 
of Crowe (US 4,944,344). 
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With respect to claim 23, Goodson et al. in view of Chrysler et al. further in view 
of Tuckerman et al. teaches the device in the above claims. They fail to teach a second 
heat exchange layer. Crowe teaches a heat exchange layer (Fig. 1C, left layer) over 
the cap (Fig. 1C, #14) and including upper channels (Fig. 1C, #25) formed therein 
suitable for carrying coolant (Col. 3, line 35). Chrysler et al. further teaches average 
width of the upper channels (Fig. 5, #61 and #62) substantially changes at least once 
(see Fig. 5) along a length of the upper channels. It would have been obvious to one of 
ordinary skill in the art at the time of the invention was made to modify the device of 
Goodson et al., in view of Chrysler et al., further in view of Tuckerman et al. with that of 
Crowe to add a second heat exchange layer with varying average channel widths to 
maximize the heat dissipation. 

With respect to claim 24, Crowe further teaches in another embodiment wherein 
a direction of the channels (Fig. 1, #11 and #12) in the heat exchange layer (Fig. 1, 
upper layer) is substantially orthogonal to a direction of the upper channels (Fig. 1, #18) 
in the upper heat exchange layer (Fig. 1 , lower layer). It would have been obvious to 
one of ordinary skill in the art at the time of the invention was made to modify the device 
of Goodson et al., in view of Chrysler, further in view of Tuckerman et al. with that of 
Crowe to provide layers with channels in a different axis to improve uniformity of 
cooling. 

8. Claims 25-26 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Goodson et al. (US 6,942,01 8) in view of Wang (US 6, 1 1 8,656). 
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With respect to claim 25, Goodson et al. teaches a system, comprising: a 
semiconductor device (Fig. 1, #50) including enclosed arteries (Fig. 3A, #220-1 and 
#220-2) therein suitable for carrying liquid coolant (Col. 11, line 59) through the 
semiconductor device, a density of the enclosed arteries across a first portion (Fig. 4, 
#220a-1 thru #220a-1 1) of the semiconductor device being greater than (see Fig. 3A) a 
density of the enclosed arteries across a second portion (Fig. 4, #220A) of the 
semiconductor device. Goodson et al. fails to teach a fan. Wang teaches a fan (Col. 1, 
line 21) to assist in dissipating heat from the semiconductor device. It would have been 
obvious to one of ordinary skill in the art at the time of the invention was made to modify 
the system of Goodson et al. with that of Wang to have an air flow to cool the 
semiconductor device. 

With respect to Claim 26, Goodson et al. in view of Wang teaches the system in 
Claim 25. They fail to teach a density ratio of the channels or arteries. While Goodson 
et al. in view of Wang fail to disclose the specific ratio, it is obvious that a ratio of high 
power channels or arteries exists as seen in Chrysler et al., Fig. 5. It would have been 
obvious to one of ordinary skill in the art at the time of the invention was made to 
include a density ratio of greater than 1 .1 or any ratio which would allow the device or 
system to operate at maximum efficiency. 

Response to Amendment 

Applicant's arguments, filed 1/30/2006, with respect to the rejection(s) of claim(s) 
under 19-24, 27-31 have been fully considered and are persuasive. Therefore, the 
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rejection has been withdrawn. However, upon further consideration, a new ground(s) of 
rejection is made in view of rejections as stated above. 

Applicant's arguments with respect to claims 1-8 and 25-26 have been 
considered but are moot in view of the new ground(s) of rejection based on the 
amended claims. 

The amended specification is acceptable 

Conclusion 

The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Suzuki (US 6,466,441) teaches a first set of channels 
substantially orthogonal to a second of channels. 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Robert J. Hoffberg whose telephone number is (571) 
272-2761 . The examiner can normally be reached on 8:30 AM - 4:30 PM Mon - Fri. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Lynn D. Feild can be reached on (571) 272-2092. The fax phone number 
for the organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 






